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Abstract
Point-of-care ultrasonography (POCUS) is a useful
imaging technique for the emergency medicine (EM)
physician. Because of its growing use in EM, this
article will summarize the historical development, the
scope of practice, and some evidence supporting the
current applications of POCUS in the adult emergency
department. Bedside ultrasonography in the emergency
department shares clinical applications with critical
care ultrasonography, including goal-directed
echocardiography, echocardiography during cardiac
arrest, thoracic ultrasonography, evaluation for deep
vein thrombosis and pulmonary embolism, screening
abdominal ultrasonography, ultrasonography in trauma,
and guidance of procedures with ultrasonography.
Some applications of POCUS unique to the emergency
department include abdominal ultrasonography of the
right upper quadrant and appendix, obstetric, testicular,
soft tissue/musculoskeletal, and ocular ultrasonography.
Ultrasonography has become an integral part of EM
over the past two decades, and it is an important
skill which positively influences patient outcomes.
Keywords: Ultrasound, Emergency medicine, Critical
care
Background
This article aims to review the historical development,
organizational support, scope of practice, and evidence
supporting applications of ultrasonography in the emer-
gency department. A literature search and review was
performed on PubMed and via the Hoftra Northwell
School of Medicine medical library.
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Main text
Introduction
Point-of-care ultrasonography (POCUS) is a useful im-
aging technique for the emergency medicine (EM) phys-
ician. Comprehensive training in POCUS is presently a
mandatory part of EM training in North America, and is
used extensively by some EM teams in Europe. Because
of its growing use in EM, this article will summarize the
applications of POCUS in the emergency department.
The review will be limited to the use of EM POCUS in
the adult patient. Because of space constraints, the art-
icle will not provide instruction on the clinical aspects of
image acquisition, image interpretation, or the cognitive
base of the field; these are well presented in standard
textbooks and literature on the subject. Instead, the
focus will be on reviewing the scope of practice of EM
POCUS.
Consultative ultrasonography versus POCUS
Standard consultative ultrasonography requires the
frontline EM physician to order the examination and to
rely on the radiologist or cardiologist to perform it in a
timely and clinically relevant manner. In using POCUS,
the EM physician performs all image acquisition and
interpretation at the point of care and uses the informa-
tion immediately to address specific hypotheses and to
guide ongoing therapy. This requires that the EM phys-
ician has skill at image acquisition, image interpretation,
and the cognitive elements required for immediate appli-
cation of the results of the examination. The frontline
EM clinician has full knowledge of the case, and is able
to rapidly integrate the results of the POCUS examin-
ation into the management plan, whereas the traditional
consultative model involves delay in performance of the
study, delay in its interpretation, and delay in transmis-
sion of the results to the clinical team. In addition, the
radiology or cardiology consultant is not fully aware of
the clinical facts of the case. Use of POCUS may be limited
by time and staffing constraints in the busy emergency
department. However, unlike the standard workflow of
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traditional consultative ultrasonography, the EM POCUS
examination may be limited in scope and goal directed; or,
depending on the clinical situation, available time, and skill
of the operator, it may be as comprehensive as the standard
consultative examination.
Comparison of EM and critical care POCUS
Because the EM physician and intensivist have shared
responsibility for the care of the critically ill patient, they
use ultrasonography in identical fashion for rapid evalu-
ation of cardiopulmonary failure. The EM physician and
the intensivist incorporate ultrasonography into the ini-
tial phase of management, while the intensivist uses it to
guide the ongoing management once the patient is in
the ICU. As a result, their applications of POCUS are
identical in terms of the equipment requirements, image
acquisition, image interpretation, and cognitive elements.
However, EM and critical care ultrasonography (CCUS)
differ in important ways (Table 1):
1. The EM physician typically uses POCUS in a more
extended fashion than the intensivist to include
advanced abdominal, obstetric, testicular,
musculoskeletal, and ocular ultrasonography. This
requires more extensive training than that needed by the
intensivist, who generally focuses on cardiac, thoracic,
screening abdominal, and venous ultrasonography.
2. The intensivist uses POCUS in the ICU as a
diagnostic and monitoring tool, but does not use the
examination results to discharge the patient from
the hospital. The intensivist has the option of serial
reassessment of the patient and may escalate to
standard consultative imaging if required. In the
emergency department, the final disposition of the
patient may be determined by the ultrasonographic
evaluation; POCUS performed by EM physicians is
therefore a definitive evaluation when it leads to
patient discharge from the hospital. However, when
doubt or uncertainty exists regarding
ultrasonography findings, EM physicians must
consider the services of traditional consultative
ultrasonography prior to final diagnosis, treatment,
and disposition. The authors emphasize the need to
call for assistance and advice from a more
experienced operator in the presence of uncertain
findings.
Development of EM POCUS in North America and Europe
The American College of Emergency Medicine (ACEP)
issued a position paper in 1990 [1] that supported the
use of POCUS; this was followed by a similar document
written by the Society for Academic Emergency Medi-
cine in 1991 [2]. With this early support for the use of
POCUS by EM physicians, EM residency programs in
the United States and Canada started to introduce ultra-
sonography as a standard part of training. The ACEP
developed an ultrasonography working group in the
1990s who were vigorous proponents of POCUS and
were responsible for establishing POCUS as a widely
accepted standard within the EM community. This
required resolution of conflicts with the radiology and
cardiology services related to jurisdiction, economics,
and scope of practice. In 2001, the ACEP developed
emergency ultrasound guidelines [3] that described the
scope of practice for EM POCUS to include seven ultra-
sound competencies: trauma, pregnancy, abdominal
aorta, cardiac, biliary, urinary tract, and procedural.
These were expanded in 2009 to include thoracic, deep
vein thrombosis (DVT), ocular, and soft tissue/musculo-
skeletal [4]. The American College of Graduate Medical
Education (ACGME) has established POCUS as a re-
quired part of EM training based upon the recommen-
dations of the professional societies. All EM residencies
accredited by the ACGME provide POCUS training
guided by consensus recommendations published by the
ACEP in 2009 that include a minimum 80 hours of dedi-
cated clinical ultrasonography, 20 hours of didactic
ultrasonography education, and accurate performance of
150 independently reviewed ultrasound studies [5].
Many residencies exceed these minimum requirements;
as a result, training in EM POCUS is now standard in
the 190 EM training programs in the USA. There are
also 95 EM ultrasonography fellowship training pro-
grams in the USA which provide an optional year of fur-
ther training following standard residency training in
EM for those physicians who seek special qualification
in EM POCUS. The ACEP has developed guidelines for
fellowship training [6] that include the performance of a
minimum of 1000 ultrasonography examinations and
20 hours per month of dedicated ultrasonography practice,
education, or research. The fellowship programs have been
instrumental in filling the need for qualified faculty to pro-
vide training in POCUS to EM residents. At present, there
is no nationally recognized certification in EM POCUS.
Table 1 Emergency department versus critical care
ultrasonography
Critical care ultrasonography Emergency department
ultrasonography









Initial and serial examinations for
ongoing diagnosis and
management
Typically single examination for
diagnosis and disposition
Does not lead to decision to
discharge from hospital
Frequently leads to decision to
discharge from hospital
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Although this is controversial, the present consensus is
that the requirement for a specific certification for POCUS
is not necessary. Completion of residency training in EM
by established ACGME standards implies competence in a
wide variety of skills, none of which require specific certifi-
cation. Ultrasonography should be seen no differently than
other aspects of EM training. This is similar to the situ-
ation regarding certification in CCUS.
The development of POCUS in Europe is more dif-
ficult to summarize, because there is no central au-
thority such as the ACGME that determines scope of
practice or training standards. The development of
EM POCUS has therefore been country specific. It is
apparent to North American observers that EM
POCUS is used in many hospitals in Europe, and that
much of the best quality research related to POCUS
comes from these centers of excellence. Lacking a cen-
tral control of residency training requirements, the au-
thors cannot comment on residency or fellowship training
patterns in Europe.
Scope of practice for EM POCUS
The EM physician is tasked with the initial evaluation
and management of the patient with cardiopulmonary
failure. Use of EM POCUS is an essential tool in this
process, just as it is for the intensivist who provides
follow-through care. The EM physician and intensivist
share the same skill set as defined in the American
College of Chest Physicians/La Societe de Reanimation
de Langue Francaise (ACCP/SRLF) Statement on Com-
petence in Critical Care Ultrasonography [7]. The only
difference between the two specialties is that the intensi-
vist uses CCUS for subsequent management in the ICU,
whereas the EM physician uses it for initial management
in the emergency department. The key components of
CCUS are discussed as follows.
Goal-directed echocardiography
The goal-directed echocardiography (GDE) examination
uses a limited number of standard echocardiography
views in order to allow the EM physician to rapidly as-
sess cardiac anatomy and function in the patient with
hemodynamic failure [8]. As defined in the ACCP/SRLF
Competence Statement, the five standard views include
the parasternal long-axis, parasternal short-axis, apical
four-chamber, substernal, and inferior vena cava (IVC)
views. Color Doppler analysis of the mitral and aortic
valves may be included in the examination. The examin-
ation can be performed in a few minutes, and is gener-
ally combined with other aspects of CCUS to provide a
whole-body ultrasonography (WBU) approach to the
critically ill patient. The GDE examination has several
purposes:
1. Identification of an immediately life-threatening
cause for hemodynamic failure. The use of GDE
permits prompt identification of an imminently
life-threatening process where intervention may
be life-saving such as major valve failure, pericardial
tamponade, severe reduction in left ventricular func-
tion, or massive pulmonary embolism (PE). Although
uncommon, these possibilities mandate early GDE for
the patient in shock.
2. Categorization of shock state and initial management
strategy. The five views of GDE permit the intensivist
to categorize shock as a hypovolemic, distributive,
cardiogenic, or obstructive pattern. This allows logical
management strategies as well as identification of the
cause of the hemodynamic failure.
3. Identification of coexisting diagnoses. The critically
ill patient may have multiple diagnoses predating the
hemodynamic failure or occurring as another acute
process. The GDE examination may identify these
other diagnoses that complicate the treatment of the
primary process.
It well established that EM physicians can become
competent in GDE [9–11]. Its use is supported by the
professional societies of emergency and critical care
medicine and by the American Society of Echocardiog-
raphy [12]. The diagnostic utility of GDE has been well
validated for the evaluation of undifferentiated shock
[13–15], and GDE is useful for identification of poten-
tially life-threatening processes that are not apparent on
initial evaluation of the patient with shock [16]. GDE is
productively combined with thoracic ultrasonography
for the evaluation of respiratory failure [17].
Ultrasonography in cardiac arrest
The subcostal long-axis view of GDE has utility for
evaluation of cardiac arrest. The examination is per-
formed during brief pulse checks when chest compres-
sions are halted. Echocardiography is useful during
cardiopulmonary resuscitation (CPR) for three purposes:
1. Identification of potentially reversible causes of
cardiac arrest such as a large pericardial effusion
with tamponade, a severely dilated right ventricle
with acute cor pulmonale related to a PE, or a heart
that is profoundly hypovolemic.
2. Identification of cardiac contractile activity without
palpable pulse. Echocardiographic imaging during
CPR allows reclassification of some patients who are
clinically classified as having pulseless electrical
activity, because even very weak endogenous cardiac
contractility can be observed sonographically. The
prognosis for return of spontaneous circulation is
improved when there is some echocardiographic
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evidence of endogenous myocardial
contractility, and echocardiography has been applied
in prehospital settings to assess this [18].
3. Identification of the absence of cardiac contractile
activity. In the patient who is receiving CPR in the
emergency department, complete absence of cardiac
contractile activity is a strong indicator that the
resuscitation effort will not be successful [19–21].
Thoracic ultrasonography (lung and pleural)
Ultrasonographic examination of the thorax allows the
EM physician to rapidly assess the patient with respira-
tory failure for normal aeration pattern, pneumothorax,
lung interstitial syndrome (LIS), consolidation, or pleural
effusion [22]. The examination can be performed quickly
and is a key component of the WBU approach for the
patient with cardiopulmonary failure. When compared
with standard radiography, thoracic ultrasonography is
superior for the characterization of abnormalities that
are relevant to the assessment of respiratory failure such
as pneumothorax, pneumonia, pleural effusion, and
alveolar/interstitial diseases [22–25]. Given the intrinsic
problems of chest radiography in the critically ill patient
(anterior–posterior projection, rotation, penetration arti-
facts), it is possible that thoracic ultrasonography could
be the primary imaging modality for evaluation of re-
spiratory failure in the emergency department and ICU
[26]. Thoracic ultrasonography has similar performance
characteristics to chest computed tomography (CT) when
assessing the aforementioned abnormalities, and addition
of thoracic ultrasonography improves diagnostic accuracy
and efficiency in the emergency department [27].
Using thoracic ultrasonography, EM physicians may
reliably differentiate between patients with acute decom-
pensated heart failure [17, 23, 28], pneumonia [24, 29],
acute respiratory distress syndrome [30], pneumothorax
[25], PE [31, 32], and diaphragmatic dysfunction [33, 34].
Decompensated heart failure and cardiogenic pulmonary
edema may be differentiated from noncardiogenic causes
of dyspnea with sensitivity and specificity of 94 % and
92 % respectively [23]. Lung ultrasonography has 94 %
sensitivity and 96 % specificity for pneumonia [29], and
has 91 % sensitivity and 98 % specificity for pneumothorax
[25]. Visual representation of lung ultrasonography semi-
ology has been combined with thoracic ultrasonography
protocols for rapid and accurate diagnosis of pulmonary
disease and to guide fluid resuscitation [35, 36].
Examination for DVT and PE
Examination for DVT is a key part of the WBU ap-
proach to cardiopulmonary failure, particularly if PE is a
consideration. EM physicians can perform high-quality
2-D venous compression studies with results similar to
those performed by the consultative radiology service
[37] while avoiding the inevitable delay required to ob-
tain a radiology study [38]. Doppler-based measure-
ments do not add to the yield of the 2-D compression
study [39], so the POCUS DVT examination can be per-
formed rapidly [40].
While a positive DVT study has immediate implication
in the patient who is being evaluated for PE, a negative
DVT study does not rule out PE. If the rest of the WBU
examination reveals another cause for the symptom
complex (e.g., pneumonia, congestive heart failure), it is
very unlikely that the patient has a PE [31]. If lung ultra-
sonography reveals findings consistent with PE (e.g.,
small subpleural consolidations in lower lobes), it is a
high-probability consideration. Ultrasonography may re-
duce the need for CT angiography for the detection of
PE [32], but some patients still require CT if ultrasonog-
raphy is indeterminate.
Screening abdominal ultrasonography
Given the complexity of abdominal ultrasonography, the
ACCP/SRLF Competence Statement suggests the POCUS
approach should be limited to identification of intrabdom-
inal fluid, examination of the aorta, and assessment for
hydronephrosis or bladder distention in critical care set-
tings. The intensivist typically turns to the consultant radi-
ologist for more advanced evaluation of the hepatobiliary
tree, but the EM physician may choose to develop more
advanced capability than the intensivist, particularly related
to evaluation of the right upper quadrant (vide infra).
Ultrasonography evaluation of the aorta includes shape
and caliber as well as inspection for a dissection flap.
Transthoracic and transabdominal ultrasonography can-
not be utilized in isolation to rule out aortic dissection;
however, visualization of an intimal flap with differential
Doppler flow does have high specificity for dissection
[41]. Bedside ultrasonography for abdominal aortic
aneurysm (AAA) is included in many algorithms evalu-
ating patients in shock [15], because visualization of a
normal caliber aorta precludes ruptured AAA as a diag-
nosis. Emergency physicians are able to identify AAA
with sensitivity of 99 % and specificity of 98 % [42],
enabling early diagnosis of ruptured AAA.
Renal ultrasonography assists the EM physician in the
management of acute kidney injury, urinary tract infec-
tion, and nephrolithiasis. Absence of hydronephrosis
rules out obstructive nephropathy and obstructed urin-
ary tract infection requiring procedural drainage for
source control [43]. While renal ultrasonography rarely
diagnoses nephrolithiasis in the emergency department,
a normal sonogram categorizes patients with renal colic
as low risk for complications. There is no difference in
complications, pain, return visits, admissions, or diag-
nostic accuracy between patients with suspected
nephrolithiasis when evaluated with POCUS, radiology
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ultrasonography, or CT [44]. Ultrasonography allows
the EM physician to quickly and efficiently provide a
disposition for patients with renal colic while avoiding
unnecessary radiation exposure.
Ultrasonography in trauma
Identification of free fluid has application for the EM
physician during the initial evaluation of the patient with
thoracic or abdominal trauma. The focused assessment
with sonography in trauma (FAST) examination utilizes
ultrasonography to identify an intrabdominal source of
bleeding. FAST has replaced peritoneal lavage as the
technique of choice for evaluation of abdominal trauma
and is standard practice [45]. The FAST examination
can be performed rapidly. If initially negative, the FAST
can be repeated as clinically indicated. In the presence of
hemorrhagic shock, a positive examination indicates
intrabdominal bleeding and the need for procedural or
operative management.
The extended FAST examination is performed in pa-
tients with thoracic trauma. The examination includes the
subcostal view of the heart along with the anterior and lat-
eral chest. A pericardial effusion in a patient with thoracic
trauma and hemodynamic compromise requires consider-
ation of pericardial tamponade and immediate decom-
pression. Ultrasonography of the anterior and lateral chest
identifies pneumothorax and hemothorax with greater
sensitivity and specificity than supine chest radiography
[46] and may replace chest radiography for this purpose
[47]. The CT scan remains the gold standard for diagnosis
of pneumothorax and hemothorax; however, in compari-
son, POCUS gives similar results and offers the advantage
of being a point-of-care technique. Ultrasonography is su-
perior to standard supine radiography for detection of he-
mothorax [48]. While body CT is the primary imaging
tool for evaluation of the trauma patient, POCUS remains
the best initial modality for the emergency evaluation of
abdominal and thoracic trauma. Ultrasonography provides
rapid identification of imminently life-threatening injuries
requiring immediate intervention. Body CT may then fol-
low. Bedside ultrasonography in trauma is performed
more rapidly than CT and is recommended by the ACEP
for patients with blunt thoracic or abdominal trauma [49].
Ultrasonography for procedure guidance
Ultrasonography is used by the EM physician for guid-
ance of a variety of procedures that are required for
treatment of critical illness or routine management of
the disease process [50, 51]. Ultrasonography increases
the success rate and reduces the complication rate of a
wide variety of procedures that are performed by EM
physicians and intensivists, such as thoracentesis (both
diagnostic and therapeutic requiring chest tube insertion),
paracentesis, regional anesthesia, lumbar puncture [51],
central venous catheter insertion (at all sites [52, 53]),
difficult peripheral arterial and venous catheter insertion
[50, 54], incision and drainage of cutaneous abscess [55],
arthrocentesis [56], and airway management [57].
Use of EM POCUS for noncritical care applications
The intensivist and the EM physician share common
ground when using CCUS. However, the EM physician
extends the scope of practice to include a variety of ap-
plications that are beyond the competence level of the
intensivist.
Abdominal ultrasonography
Ultrasonography of the right upper quadrant with
POCUS is useful for evaluation of acute cholecystitis.
Ultrasonography for acute cholecystitis performed by
EM physicians is as accurate as consultative radiology
ultrasound and cholescintigraphy [58, 59]. Utilization of
POCUS for cholecystitis allows EM physicians to
localize the source of occult sepsis and allows a means
to efficiently treat and provide a disposition for their
patients.
Diagnosis of appendicitis may be made with POCUS.
Visualization of the appendix by ultrasonography is
technically difficult and dependent on patient body
habitus and cooperation with the examination. The ap-
pendix may be obscured by overlying bowel gas, so non-
visualization of the appendix is a nondiagnostic study.
When the appendix is visualized, ultrasonography has
sensitivity of nearly 100 % and specificity of 80–90 %
[60, 61]. Rates of appendix visualization are increased
for patients with low body mass index (<22), higher pain
scales (>6), and higher Alvarado scores (>6) [62].
Pediatric and pregnant patients with appendicitis are
more likely to meet these criteria, and ultrasonography
may be used as the sole imaging for these patients.
Ultrasonography in obstetrics
Pelvic pain is a common presenting symptom in the
emergency department, and its evaluation with ultrason-
ography has been reviewed in the literature [63]. In early
pregnancy, the primary concern for patients with pelvic
pain is ectopic pregnancy. The ACEP supports the use
of POCUS by EM physicians for this indication [4].
Ultrasonography performed by EM physicians has 99 %
sensitivity and a 99.9 % negative predictive value for ec-
topic pregnancy [64]. Utilization of both abdominal and
transvaginal ultrasonography (TVUS) in the emergency
department is safe, accurate, and reduces patient length
of stay [65, 66]. Emergency physician TVUS also pro-
vides prognostic information for pregnant patients with
vaginal bleeding and indeterminate ultrasonography
findings [67]. Utilizing TVUS allows EM physicians to
rapidly diagnose life-threatening emergencies while
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providing accurate and efficient dispositions for patients
at low risk.
The ACEP does not include pelvic ultrasonography as
a recommended competency for EM physicians outside
of its application in early pregnancy. The diagnosis,
treatment, and disposition of nonpregnant patients with
pelvic pain often require advanced imaging capabilities
provided by the radiology service.
Testicular ultrasonography
Ultrasonography performed by EM physicians has sensi-
tivity of 96–100 % and specificity of 80–90 % for the
diagnosis of testicular torsion, and has sensitivity and
specificity of 80–90 % for epididymo-orchitis [68, 69].
Many emergency departments do not have ready access
to consultative radiology ultrasonography during all
hours of operation. Ultrasonography for testicular tor-
sion can be performed successfully by emergency physi-
cians [70] and may improve outcome in torsion where
rapid diagnosis leads to increased rates of testicular
salvage.
Soft tissue and musculoskeletal ultrasonography
Soft tissue and musculoskeletal ultrasonography is a
relatively new application of POCUS and includes frac-
ture identification, evaluation of tendon injury, and for-
eign body identification. Ultrasonography may diagnose
some fractures with sensitivity >90 %, including injuries
which are difficult to diagnose with conventional radiog-
raphy such as scaphoid fractures [71]. Screening with
ultrasonography for fractures may reduce the need for
radiography, facilitating efficient treatment and dispos-
ition of patients with low-acuity injuries [72]. Ultrason-
ography by EM physicians has sensitivity of 100 % and
specificity of 95 % for extremity tendon injuries [73]. It
is more sensitive than physical examination for detection
of partial tendon injuries; and reduces costs, time re-
quirements, and morbidity when compared with mag-
netic resonance imaging or surgical exploration. Foreign
body identification is facilitated by POCUS. Radiographic
identification of radiolucent materials such as glass or
wood is limited. Ultrasonography may identify these for-
eign bodies, allowing targeted removal and a reduction in
repeat visits, patient morbidity, and costs [74].
Ocular ultrasonography
Ocular ultrasonography is another relatively new applica-
tion for EM physicians endorsed by the ACEP [4]. Reviews
of anatomy, technique, and pathology are available [75].
Emergency physicians are able to accurately evaluate globe
rupture, foreign bodies, retinal detachment, lens disloca-
tion, and vitreous hemorrhage or detachment with ultra-
sonography [76]. This allows patient stratification into
emergent, urgent, and routine ophthalmologic consultation.
Ocular ultrasonography may be used to evaluate intra-
cranial pressure (ICP) by measurement of the optic
nerve sheath diameter. At a cut-off value of 5 mm, ultra-
sonography has 100 % sensitivity for evaluation of in-
creased ICP when compared with CT and has 84 %
sensitivity for any intracranial injury in the setting of
head trauma [77, 78]. Emergency physicians are able to
accurately measure the optic nerve sheath diameter [79],
and this measurement is highly correlated with direct
ICP measurements with sensitivity and specificity >90 %
[80, 81]. Optic nerve sheath measurements reliably and
rapidly change with changes in ICP [82].
Conclusions
Ultrasonography has become an integral part of EM
over the past two decades. Some aforementioned appli-
cations of ultrasonography are well established and prac-
ticed routinely, while more research is necessary to
advance the use of ultrasonography in other areas.
Abbreviations
AAA, abdominal aortic aneurysm; ACCP/SRLF, American College of Chest
Physicians/La Societe de Reanimation de Langue Francaise; ACEP, American
College of Emergency Physicians; ACGME, American College of Graduate
Medical Education; CCUS, critical care ultrasonography; CPR, cardiopulmonary
resuscitation; CT, computed tomography; DVT, deep vein thrombosis; EM,
emergency medicine; FAST, focused assessment with sonography in trauma;
GDE, goal-directed echocardiography; ICP, intracranial pressure; IVC, inferior
vena cava; LIS, lung interstitial syndrome; PE, pulmonary embolism; POCUS,
point-of-care ultrasonography; TVUS, transvaginal ultrasonography; WBU,
whole-body ultrasonography
Funding
The authors have no source of funding for this review.
Authors’ contributions
MRW and PHM were involved in drafting the manuscript and revising it
critically for important intellectual content. They have given final approval of
the version to be published and agree to be accountable for all aspects of
the work in ensuring that questions related to the accuracy or integrity of
any part of the work are appropriately investigated and resolved.
Competing interests
The authors declare that they have no competing interests.
References
1. American College of Emergency Physicians. Council resolution on
ultrasound. ACEP News. 1990;9(11).
2. Society for Academic Emergency Medicine. Ultrasound position statement.
SAEM Newsletter. 1991;summer.
3. American College of Emergency Physicians. ACEP emergency ultrasound
guidelines 2001. Ann Emerg Med. 2001;38(4):470–81.
4. American College of Emergency Physicians. Emergency ultrasound
guidelines. Ann Emerg Med. 2009;53(4):550–70.
5. Akhtar S, Theodoro D, Gaspari R, Tayal V, Sierzenski P, LaMantia J, Stahmer S,
Raio C. Resident training in emergency ultrasound: consensus
recommendations from the 2008 Council of Emergency Medicine Residency
Directors Conference. Acad Emerg Med. 2009;16(s2):S32–6.
6. American College of Emergency Physicians. Emergency ultrasound
fellowship guidelines, an information paper. A consensus document
developed by the ACEP Emergency Ultrasound Section. 2011. http://www.
acep.org/workarea/DownloadAsset.aspx?id=80954. Accessed 5 Feb 2016.
Whitson and Mayo Critical Care  (2016) 20:227 Page 6 of 8
7. Mayo PH, Beaulieu Y, Doelken P, Feller-Kopman D, Harrod C, Kaplan A,
Oropello J, Vieillard-Baron A, Axler O, Lichtenstein D, Maury E. American
College of Chest Physicians/La Societe de Reanimation de Langue Francaise
statement on competence in critical care ultrasonography. Chest. 2009;
135(4):1050–60.
8. Walley PE, Walley KR, Goodgame B, Punjabi V, Sirounis D. A practical
approach to goal-directed echocardiography in the critical care setting. Crit
Care. 2014;18(6):1–1.
9. Jones AE, Tayal VS, Kline JA. Focused training of emergency medicine
residents in goal‐directed echocardiography: a prospective study. Acad
Emerg Med. 2003;10(10):1054–8.
10. Moore CL, Rose GA, Tayal VS, Sullivan DM, Arrowood JA, Kline JA.
Determination of left ventricular function by emergency physician
echocardiography of hypotensive patients. Acad Emerg Med. 2002;9(3):186–93.
11. Weekes AJ, Tassone HM, Babcock A, Quirke DP, Norton HJ, Jayarama K,
Tayal VS. Comparison of serial qualitative and quantitative assessments
of caval index and left ventricular systolic function during early fluid
resuscitation of hypotensive emergency department patients. Acad
Emerg Med. 2011;18(9):912–21.
12. Labovitz AJ, Noble VE, Bierig M, Goldstein SA, Jones R, Kort S, Porter TR,
Spencer KT, Tayal VS, Wei K. Focused cardiac ultrasound in the emergent
setting: a consensus statement of the American Society of
Echocardiography and American College of Emergency Physicians. J Am
Soc Echocardiogr. 2010;23(12):1225–30.
13. Volpicelli G, Lamorte A, Tullio M, Cardinale L, Giraudo M, Stefanone V, Boero
E, Nazerian P, Pozzi R, Frascisco MF. Point-of-care multiorgan
ultrasonography for the evaluation of undifferentiated hypotension in the
emergency department. Intensive Care Med. 2013;39(7):1290–8.
14. Shokoohi H, Boniface KS, Pourmand A, Liu YT, Davison DL, Hawkins KD,
Buhumaid RE, Salimian M, Yadav K. Bedside ultrasound reduces diagnostic
uncertainty and guides resuscitation in patients with undifferentiated
hypotension. Crit Care Med. 2015;43(12):2562–9.
15. Perera P, Mailhot T, Riley D, Mandavia D. The RUSH exam: Rapid Ultrasound
in SHock in the evaluation of the critically lll. Emerg Med Clin North Am.
2010;28(1):29–56.
16. Laursen CB, Sloth E, Lambrechtsen J, Lassen AT, Madsen PH, Henriksen DP,
Davidsen JR, Rasmussen F. Focused sonography of the heart, lungs, and
deep veins identifies missed life-threatening conditions in admitted patients
with acute respiratory symptoms. Chest. 2013;144(6):1868–75.
17. Pivetta E, Goffi A, Lupia E, Tizzani M, Porrino G, Ferreri E, Volpicelli G,
Balzaretti P, Banderali A, Iacobucci A, Locatelli S. Lung ultrasound-implemented
diagnosis of acute decompensated heart failure in the ED: a SIMEU multicenter
study. Chest. 2015;148(1):202–10.
18. Breitkreutz R, Price S, Steiger HV, Seeger FH, Ilper H, Ackermann H, Rudolph
M, Uddin S, Weigand MA, Müller E, Walcher F. Focused echocardiographic
evaluation in life support and peri-resuscitation of emergency patients: a
prospective trial. Resuscitation. 2010;81(11):1527–33.
19. Blyth L, Atkinson P, Gadd K, Lang E. Bedside focused echocardiography as
predictor of survival in cardiac arrest patients: a systematic review. Acad
Emerg Med. 2012;19(10):1119–26.
20. Blaivas M, Fox JC. Outcome in cardiac arrest patients found to have cardiac
standstill on the bedside emergency department echocardiogram. Acad
Emerg Med. 2001;8(6):616–21.
21. Flato UA, Paiva EF, Carballo MT, Buehler AM, Marco R, Timerman A.
Echocardiography for prognostication during the resuscitation of intensive
care unit patients with non-shockable rhythm cardiac arrest. Resuscitation.
2015;92:1–6.
22. Volpicelli G, Elbarbary M, Blaivas M, Lichtenstein DA, Mathis G, Kirkpatrick
AW, Melniker L, Gargani L, Noble VE, Via G, Dean A. International
evidence-based recommendations for point-of-care lung ultrasound.
Intensive Care Med. 2012;38(4):577–91.
23. Al Deeb M, Barbic S, Featherstone R, Dankoff J, Barbic D. Point‐of‐care
ultrasonography for the diagnosis of acute cardiogenic pulmonary edema
in patients presenting with acute dyspnea: a systematic review and
meta‐analysis. Acad Emerg Med. 2014;21(8):843–52.
24. Nazerian P, Volpicelli G, Vanni S, Gigli C, Betti L, Bartolucci M, et al. Accuracy
of lung ultrasound for the diagnosis of consolidations when compared to
chest computed tomography. Am J Emerg Med. 2015;33(5):620–5.
25. Alrajhi K, Woo MY, Vaillancourt C. Test characteristics of ultrasonography for
the detection of pneumothorax: a systematic review and meta-analysis.
Chest. 2012;141(3):703–8.
26. Zanobetti M, Poggioni C, Pini R. Can chest ultrasonography replace
standard chest radiography for evaluation of acute dyspnea in the ED?
Chest. 2011;139(5):1140–7.
27. Laursen CB, Sloth E, Lassen AT, de Pont CR, Lambrechtsen J, Madsen PH,
Henriksen DP, Davidsen JR, Rasmussen F. Point-of-care ultrasonography in
patients admitted with respiratory symptoms: a single-blind, randomised
controlled trial. Lancet Respir Med. 2014;2(8):638–46.
28. Nazerian P, Vanni S, Zanobetti M, Polidori G, Pepe G, Federico R, Cangioli E,
Grifoni S. Diagnostic accuracy of emergency Doppler echocardiography for
identification of acute left ventricular heart failure in patients with acute
dyspnea: comparison with Boston criteria and N‐terminal prohormone brain
natriuretic peptide. Acad Emerg Med. 2010;17(1):18–26.
29. Chavez MA, Shams N, Ellington LE, Naithani N, Gilman RH, Steinhoff MC,
Santosham M, Black RE, Price C, Gross M, Checkley W. Lung ultrasound for
the diagnosis of pneumonia in adults: a systematic review and meta-analysis.
Respir Res. 2014;15(1):50.
30. Sekiguchi H, Schenck LA, Horie R, Suzuki J, Lee EH, McMenomy BP, Chen TE,
Lekah A, Mankad SV, Gajic O. Critical care ultrasonography differentiates
ARDS, pulmonary edema, and other causes in the early course of acute
hypoxemic respiratory failure. Chest. 2015;148(4):912–8.
31. Koenig S, Chandra S, Alaverdian A, Dibello C, Mayo PH, Narasimhan M.
Ultrasound assessment of pulmonary embolism in patients receiving CT
pulmonary angiography. Chest. 2014;145(4):818–23.
32. Nazerian P, Vanni S, Volpicelli G, Gigli C, Zanobetti M, Bartolucci M, Ciavattone A,
Lamorte A, Veltri A, Fabbri A, Grifoni S. Accuracy of point-of-care multiorgan
ultrasonography for the diagnosis of pulmonary embolism. Chest. 2014;
145(5):950–7.
33. Boon AJ, Sekiguchi H, Harper CJ, Strommen JA, Ghahfarokhi LS, Watson JC,
et al. Sensitivity and specificity of diagnostic ultrasound in the diagnosis of
phrenic neuropathy. Neurology. 2014;83(14):1264–70.
34. Kim WY, Suh HJ, Hong SB, Koh Y, Lim CM. Diaphragm dysfunction assessed
by ultrasonography: influence on weaning from mechanical ventilation. Crit
Care Med. 2011;39(12):2627–30.
35. Lichtenstein DA. BLUE-protocol and FALLS-protocol: two applications of
lung ultrasound in the critically ill. Chest. 2015;147(6):1659–70.
36. Lee CW, Kory PD, Arntfield RT. Development of a fluid resuscitation protocol
using inferior vena cava and lung ultrasound. J Crit Care. 2016;31(1):96–100.
37. Pomero F, Dentali F, Borretta V, Bonzini M, Melchio R, Douketis JD, Fenoglio
LM. Accuracy of emergency physician-performed ultrasonography in the
diagnosis of deep-vein thrombosis. Thromb Haemost. 2013;109(1):137–45.
38. Kory PD, Pellecchia CM, Shiloh AL, Mayo PH, DiBello C, Koenig S. Accuracy
of ultrasonography performed by critical care physicians for the diagnosis of
DVT. Chest. 2011;139(3):538–42.
39. Lensing AW, Doris CI, McGrath FP, Cogo A, Sabine MJ, Ginsberg J, Prandoni
P, Turpie AG, Hirsh J. A comparison of compression ultrasound with color
Doppler ultrasound for the diagnosis of symptomless postoperative deep
vein thrombosis. Arch Intern Med. 1997;157(7):765–8.
40. Blaivas M, Lambert MJ, Harwood RA, Wood JP, Konicki J. Lower‐extremity
Doppler for deep venous thrombosis—can emergency physicians be
accurate and fast? Acad Emerg Med. 2000;7(2):120–6.
41. Nazerian P, Vanni S, Castelli M, Morello F, Tozzetti C, Zagli G, Giannazzo G,
Vergara R, Grifoni S. Diagnostic performance of emergency transthoracic
focus cardiac ultrasound in suspected acute type A aortic dissection. Intern
Emerg Med. 2014;9(6):665–70.
42. Rubano E, Mehta N, Caputo W, Paladino L, Sinert R. Systematic review:
emergency department bedside ultrasonography for diagnosing suspected
abdominal aortic aneurysm. Acad Emerg Med. 2013;20(2):128–38.
43. Noble VE, Brown DF. Renal ultrasound. Emerg Med Clin North Am. 2004;
22(3):641–59.
44. Smith-Bindman R, Aubin C, Bailitz J, Bengiamin RN, Camargo Jr CA, Corbo J,
Dean AJ, Goldstein RB, Griffey RT, Jay GD, Kang TL. Ultrasonography versus
computed tomography for suspected nephrolithiasis. N Engl J Med. 2014;
371(12):1100–10.
45. Holmes JF, Harris D, Battistella FD. Performance of abdominal ultrasonography
in blunt trauma patients with out-of-hospital or emergency department
hypotension. Ann Emerg Med. 2004;43(3):354–61.
46. Gentry Wilkerson R, Stone MB. Sensitivity of bedside ultrasound and supine
anteroposterior chest radiographs for the identification of pneumothorax
after blunt trauma. Acad Emerg Med. 2010;17(1):11–7.
47. Soult MC, Weireter LJ, Britt RC, Collins JN, Novosel TJ, Reed SF, Britt LD. Can
routine trauma bay chest X-ray be bypassed with an extended focused
Whitson and Mayo Critical Care  (2016) 20:227 Page 7 of 8
assessment with sonography for trauma examination? Am Surg. 2015;
81(4):336–40.
48. Zanobetti M, Coppa A, Nazerian P, Grifoni S, Scorpiniti M, Innocenti F, Conti
A, Bigiarini S, Gualtieri S, Casula C, Ticali PF. Chest abdominal-focused
assessment sonography for trauma during the primary survey in the
emergency department: the CA-FAST protocol. Eur J Trauma Emerg Surg.
2015;18:1–6.
49. Cohen HL, Langer J, McGahan JP, Bahner D, Blaivas M, Fox J, et al. American
Institute of Ultrasound in Medicine. AIUM practice guideline for the
performance of the focused assessment with sonography for trauma (FAST)
examination. J Ultrasound Med. 2014;33(11):2047.
50. Barr L, Hatch N, Roque PJ, Wu TS. Basic ultrasound-guided procedures. Crit
Care Clin. 2014;30(2):275–304.
51. Hatch N, Wu TS. Advanced ultrasound procedures. Crit Care Clin. 2014;30(2):
305–29.
52. Karakitsos D, Labropoulos N, De Groot E, Patrianakos AP, Kouraklis G,
Poularas J, et al. Real-time ultrasound-guided catheterisation of the internal
jugular vein: a prospective comparison with the landmark technique in
critical care patients. Crit Care. 2006;10(6):R162.
53. Hind D, Calvert N, McWilliams R, Davidson A, Paisley S, Beverley C, Thomas
S. Ultrasonic locating devices for central venous cannulation: meta-analysis.
BMJ. 2003;327(7411):361.
54. Stolz LA, Stolz U, Howe C, Farrell IJ, Adhikari S. Ultrasound-guided peripheral
venous access: a meta-analysis and systematic review. J Vasc Access. 2015;
16(4):321–6.
55. Squire BT, Fox JC, Anderson C. ABSCESS: applied bedside sonography for
convenient evaluation of superficial soft tissue infections. Acad Emerg Med.
2005;12(7):601–6.
56. Finnoff JT, Hall MM, Adams E, Berkoff D, Concoff AL, Dexter W, Smith J.
American Medical Society for Sports Medicine (AMSSM) position statement:
interventional musculoskeletal ultrasound in sports medicine. PM&R. 2015;
7(2):151–68.
57. Chou EH, Dickman E, Tsou PY, Tessaro M, Tsai YM, Ma MH, Lee CC, Marshall
J. Ultrasonography for confirmation of endotracheal tube placement: a
systematic review and meta-analysis. Resuscitation. 2015;90:97–103.
58. Kendall JL, Shimp RJ. Performance and interpretation of focused right upper
quadrant ultrasound by emergency physicians. J Emerg Med. 2001;21(1):7–13.
59. Blaivas M, Adhikari S. Diagnostic utility of cholescintigraphy in emergency
department patients with suspected acute cholecystitis: comparison with
bedside RUQ ultrasonography. J Emerg Med. 2007;33(1):47–52.
60. Lam SH, Grippo A, Kerwin C, Konicki PJ, Goodwine D, Lambert MJ. Bedside
ultrasonography as an adjunct to routine evaluation of acute appendicitis in
the emergency department. West J Emerg Med. 2014;15(7):808.
61. Ross MJ, Liu H, Netherton SJ, Eccles R, Chen PW, Boag G, Morrison E,
Thompson GC. Outcomes of children with suspected appendicitis and
incompletely visualized appendix on ultrasound. Acad Emerg Med. 2014;
21(5):538–42.
62. Kaewlai R, Lertlumsakulsub W, Srichareon P. Body mass index, pain score
and alvarado score are useful predictors of appendix visualization at
ultrasound in adults. Ultrasound Med Biol. 2015;41(6):1605–11.
63. Sohoni A, Bosley J, Miss JC. Bedside ultrasonography for obstetric and
gynecologic emergencies. Crit Care Clin. 2014;30(2):207–26.
64. Stein JC, Wang R, Adler N, Boscardin J, Jacoby VL, Won G, Goldstein R, Kohn
MA. Emergency physician ultrasonography for evaluating patients at risk for
ectopic pregnancy: a meta-analysis. Ann Emerg Med. 2010;56(6):674–83.
65. Burgher SW, Tandy TK, Dawdy MR. Transvaginal ultrasonography by
emergency physicians decreases patient time in the emergency
department. Acad Emerg Med. 1998;5(8):802–7.
66. Panebianco NL, Shofer F, Fields JM, Anderson K, Mangili A, Matsuura AC, Dean
AJ. The utility of transvaginal ultrasound in the ED evaluation of complications
of first trimester pregnancy. Am J Emerg Med. 2015;33(6):743–8.
67. Tayal VS, Cohen H, Norton HJ. Outcome of patients with an indeterminate
emergency department first‐trimester pelvic ultrasound to rule out ectopic
pregnancy. Acad Emerg Med. 2004;11(9):912–7.
68. Blaivas M, Brannam L. Testicular ultrasound. Emerg Med Clin North Am.
2004;22(3):723–48.
69. Yagil Y, Naroditsky I, Milhem J, Leiba R, Leiderman M, Badaan S, Gaitini D.
Role of Doppler ultrasonography in the triage of acute scrotum in the
emergency department. J Ultrasound Med. 2010;29(1):11–21.
70. Blaivas M, Batts M, Lambert M. Ultrasonographic diagnosis of testicular
torsion by emergency physicians. Am J Emerg Med. 2000;18(2):198–200.
71. Platon A, Poletti PA, Van Aaken J, Fusetti C, Della Santa D, Beaulieu JY,
Becker CD. Occult fractures of the scaphoid: the role of ultrasonography in
the emergency department. Skeletal Radiol. 2011;40(7):869–75.
72. Hedelin H, Goksör LÅ, Karlsson J, Stjernström S. Ultrasound-assisted triage of
ankle trauma can decrease the need for radiographic imaging. Am J Emerg
Med. 2013;31(12):1686–9.
73. Wu TS, Roque PJ, Green J, Drachman D, Khor KN, Rosenberg M, Simpson C.
Bedside ultrasound evaluation of tendon injuries. Am J Emerg Med. 2012;
30(8):1617–21.
74. Davis J, Czerniski B, Au A, Adhikari S, Farrell I, Fields JM. Diagnostic accuracy
of ultrasonography in retained soft tissue foreign bodies: a systematic
review and meta‐analysis. Acad Emerg Med. 2015;22(7):777–87.
75. Kilker BA, Holst JM, Hoffmann B. Bedside ocular ultrasound in the
emergency department. Eur J Emerg Med. 2014;21(4):246–53.
76. Blaivas M, Theodoro D, Sierzenski PR. A study of bedside ocular
ultrasonography in the emergency department. Acad Emerg Med. 2002;
9(8):791–9.
77. Blaivas M, Theodoro D, Sierzenski PR. Elevated intracranial pressure detected
by bedside emergency ultrasonography of the optic nerve sheath. Acad
Emerg Med. 2003;10(4):376–81.
78. Tayal VS, Neulander M, Norton HJ, Foster T, Saunders T, Blaivas M.
Emergency department sonographic measurement of optic nerve sheath
diameter to detect findings of increased intracranial pressure in adult head
injury patients. Ann Emerg Med. 2007;49(4):508–14.
79. Hassen GW, Bruck I, Donahue J, Mason B, Sweeney B, Saab W, Weedon J,
Patel N, Perry K, Matari H, Jaiswal R. Accuracy of optic nerve sheath
diameter measurement by emergency physicians using bedside ultrasound.
J Emerg Med. 2015;48(4):450–7.
80. Soldatos T, Karakitsos D, Chatzimichail K, Papathanasiou M, Gouliamos A,
Karabinis A. Optic nerve sonography in the diagnostic evaluation of adult
brain injury. Crit Care. 2008;12(3):R67.
81. Kimberly HH, Shah S, Marill K, Noble V. Correlation of optic nerve sheath
diameter with direct measurement of intracranial pressure. Acad Emerg
Med. 2008;15(2):201–4.
82. Singleton J, Dagan A, Edlow JA, Hoffmann B. Real-time optic nerve sheath
diameter reduction measured with bedside ultrasound after therapeutic
lumbar puncture in a patient with idiopathic intracranial hypertension. Am J
Emerg Med. 2015;33(6):860.e5–7.
Whitson and Mayo Critical Care  (2016) 20:227 Page 8 of 8
